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Abstract. Photon-tagged correlations may be useful to determine how the dense 
partonic medium produced in heavy-ion collisions affects the fragmentation of high- 
energy quarks and gluons into a leading hadron. In these proceedings, I discuss the 
kinematic requirements for the hadron and the prompt photon transverse momentum 
. cuts. A case study at LHC energy, tagging on p ± ^ > 20 GeV and p ± _^ > 50 GeV 

\ photons, is then briefly examined. 
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O ■ 1. Why photon-tagged correlations 

Q_i| The spectacular quenching of large p ± pion production measured in central Au-Au 
Q_i! over that in p-p reactions at RHIC is an important discovery, clearly indicating the 
formation of a dense partonic system in the early stage of these heavy-ion collisions pp. 
However, this observation poorly informs us on how exactly the produced medium 
affects the propagation and the hadronization of high-energy quarks and gluons. Indeed, 



unlike jets in e + e or deep inelastic scattering events, the single pion hadroproduction 
spectra do not allow the initial parton momentum k ± - and therefore the fragmentation 
variable z = p ± ^/k ± - to be determined. One way to possibly access medium- 
modified fragmentation functions in heavy-ion collisions would be to tag large-p x particle 
production with prompt photons, as suggested in [2] and later investigated in detail at 
RHIC and LHC energy [3J. Take for instance the process sketched in Figure [TJ a photon 
is produced directly in the hard subprocess, back-to-back to a quark which loses some 
energy (through medium-induced gluon radiation) before eventually fragmenting into 
a leading pion. Because of momentum conservation, the 7-71"° momentum imbalance 
variable, 
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reduces to the fragmentation variable, z^ = z, in this leading-order (LO) kinematics. 
Therefore, there should be a clear connection between the experimentally accessible 
momentum-imbalance distributions and the theoretical quark fragmentation function 
into a pion: 

da 



(experimental) 



(theoretical) 



(2) 




This reasoning is of course too simplistic, since 
the photon can itself be produced by the 
collinear fragmentation of a leading parton. 
In this case, there is no correlation between 
the pion and the photon momenta, and the 
correspondence (j2J) is lost. As we shall 
see, this is precisely the most important 
"background" channel we would like to reduce 
with appropriate kinematic cuts. Moreover, 
higher-order corrections as well as initial- and 
final-state soft gluon radiation could complicate somehow the picture. 

I will first specify in Section [2] under which kinematic conditions the 7-71" 
momentum-imbalance distributions may reflect the quark fragmentation function into 
the pion. A simple case study at the LHC is then discussed in Section [31 



Figure 1. A leading-order 
channel for 7-71"° production. 



2. Kinematic requirements 

(i) A truly perturbative pion 

In order to construct meaningful 7-71" correlations, the pion needs to be produced per- 
turbatively - that is coming from the fragmentation of a high-energy quark/gluon - 
therefore with momentum p^ ^> A QCD = O (1 GeV). On top of this, p^ should ide- 
ally be much larger than the typical scales of the medium, in order to safely exclude 
new production mechanisms such as recombination, which may take place at RHIC in 
the p ±7v ~ 2-5 GeV range [I]. Because of the more dramatic environment at the LHC 
(higher energy density, stronger flow, . . . ), it could be wise to require the pion momen- 
tum cut, p cut , to be greater than 10 GeV at the LHC. 

J-7T 

(ii) A wide z 11T range 



If there is any matching between imbalance distributions and Dg(z), the window at 
which this occurs should of course be as large as possible, i.e. z min < z < 1, with 
z min <C 1. Suppose that the photon momentum is fixed to p ± ^ = p° ut , the corresponding 
pion momentum should vary from p ^ ~ z min p ± ^ <C p c ^ (z^ ~ z min ) up to p^ ~ p ± ^ 
(z i7v ~ 1). Therefore, the z^ range over which a matching with the fragmentation func- 
tion could be expected is p cnt /p cnt < z_ tiv < 1. In other words, the more asymmetric the 
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(hi) A direct photon 

As already emphasized, the prompt photon needs to be produced "directly" in the par- 
tonic process (Figure [1]) in order to reconstruct fragmentation function^. This channel 
should be dominant at large x = 2 p / \/s NN <C 1, when the momentum-space to pick 
up higher energy k ± > p ± ^ partons in the nucleons is restricted. Above x ~ 10~ 2 , the 
gluon distributions are strongly suppressed, and the direct process is favoured. At the 
LHC ( v /s^ = 5.5 TeV in Pb-Pb), this translates into p c f > 30 GeV. 

(iv) Reasonable counting rates 

Last but not least, the number of events should remain large enough so that the 
imbalance distributions can be measured with a high-enough statistical accuracy. The 
photon momentum cut hence needs to be much smaller than the kinematic boundary, 
Pl ut ^ a/^nn- ^ s precise value depends of course crucially on the integrated luminosity; 
as we shall see in the next Section, p cat has to be strictly below 100 GeV at the LHC. 

3. Case study at the LHC 

In order to illustrate the above requirements, the 7-71" imbalance distributions are 
computed perturbatively in Pb-Pb collisions at the LHC. The calculations are carried 
out to LO in a s , using the standard fragmentation functions in p-p reactions and 
the rescaled fragmentation functions in central Pb-Pb collisions [2] using the BDMPS 
quenching weight [5] (see [3] for details). The following cuts are chosen: 

Case A: p cnt = 10 GeV / p cnt = 20 GeV Case B: p cut = 10 GeV / p cut = 50 GeV 

J-7T -L~y J-7T -L7 

Clearly, Case A has the main advantage to offer higher rates than Case B. On the 
contrary, the n H cuts are not too asymmetric (p cut /p cut — 1/2), and the photons 

-l-7r -L'y 

could be abundantly produced through fragmentation because of the not too large cut, 
p cut = 20 GeV. 

The 7-71" imbalance distributions in p-p and Pb-Pb collisions are plotted in Figure [2] 
for the Case A (Left) and B (right). As anticipated, these distributions show a maximum 
at p° ut /p° ut - In order to show the possible connection between dcr/dz 77r and D^(z), 
the "input" vacuum and medium-modified quark fragmentation into the pion used in 
the calculation (arbitrarily rescaled so as to match p-p) are also displayed. When 

|| As a matter of fact, the LO z distribution has a natural maximum at the edge of the selected 
momentum-space, p ± ^ > p^ ut and p ± _^ > p™*, that is for pairs with z iit ~ p c " t /p c " t . Lower could 
only be reached by increasing the photon momentum (since p ± cannot be lowered), thus with a lower 
cross section. This is at variance with D^(z) which monotonically decreases with z. 
% The most promising way to get rid of most of the photons coming from quark fragmentation is to 
apply isolation criteria, although this may be difficult in heavy-ion collisions with high multiplicity. 
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„cut _ 20 GeV, there is absolutely no matching between those two quantities. This is 

_L 7 

because of the important contribution of the fragmentation-photon channel, as well as 
the restricted kinematical z window, 0.5 < z < 1, over which imbalance distributions 
and fragmentation functions could have matched. On the contrary, a much better 
"agreement" is found in Case B, from z^ w ~ p° ut /p° ut = 0.2 up to z^ ~ 0.9 in p-p and 
z^ ~ 0.6 in Pb-Pb collisions, over which the fragmentation-photon channel becomes 
predominant. The counting rates for the most central C < 20% Pb-Pb collisions in 
the ALICE detector, using the year-integrated luminosity C. nt = 5.10~ 4 pb~ , are now 
given. In Case A, da/dz J7r roughly ranges from 5.10 1 to 5.10 2 pb, which translates into 
dAf /dz i7T ~ 7.10 2 - 7.10 3 events (see [6]). Cross sections are of course somewhat smaller 
in case B, da/dz^ ~ 1 - 3.10 2 pb, corresponding to dAf /dz 17T ~ 15-4. 10 3 . Despite the 
smaller number of events, it seems that p cnt = 50 GeV proves by far more advantageous 

x 7 

than the lower cut p cut = 20 GeV, which clearly misses the main interest of photon- 

± 7 

tagged correlations: probing vacuum and medium-modified fragmentation functions. 

In summary, a clear hierarchy among the different energy scales involved needs to 
be respected: A T < p cnt < p cnt < ^Js^- At LHC, p cut should be of the order of 



l QCD' 

10 GeV, while p €Ut definitely needs to be at least 50 GeV in order to fully appreciate 
the potential richness of photon-tagged correlations in heavy-ion collisions. 
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